This paper presents a data set that improves the measurement of educational attainment for a broad group of countries. We extend our previous estimates of educational attainment for the population over age 15 and over age 25 up to 1995 and provide projections for 2000. We discuss the estimation method for the measures of educational attainment and relate our estimates to alternative international measures of human capital stocks.
1990 and also constructed estimates of attainment for the population aged 15 and over. The over-15 age group corresponds better to the labor force for many developing countries.
In this paper, we provide a further update of educational attainment up to1995 and also construct projections to 2000. This data set improves on our earlier estimates in a number of respects. First, our fill-in procedure for missing census/survey observations now uses gross enrollment rates, adjusted for repeaters. This measure reflects the inflows of new school graduates to existing educational stocks more accurately than the usual gross or net enrollment ratios. Second, in the construction of average years of schooling, we now take account of changes of school duration over time within countries.
Our data set on educational attainment provides good measures of the human capital stock for a broad number of countries.
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The data set comprises at least one observation for 142 economies, of which 109 have complete information at five-year intervals from 1960 to 2000.
The percentage of the population who have successfully completed a given level of schoolingsay secondary, tertiary, or post-primary schooling-is a straightforward way to show the population's attainment of skills and knowledge associated with a particular level of education.
In practice, however, each cycle of education has significant variation in duration across countries. We take account of this variation by using information on the typical duration of each level of schooling within countries. With these data we can also construct measures of average years of schooling at all levels for each country. 2 Our estimates of educational attainment have been used in many previous studies. Empirical work that uses our data set includes Rajan and Zingales (1998) and Ramey and Ramey (1995) in American Economic Review; Barro (1999) in Journal of Political Economy; Easterly and Levine (1998) and Hall and Jones (1999) in Quarterly Journal of Economics; and Sachs and Warner (1995) in Brookings Papers on Economic Activity. Up to February 2000, our papers on educational attainment data Lee,1993 and 1996) have been cited at least 90 times, according to the Social Science Citations Index.
Because human capital is multifaceted and includes a complex set of human attributes, the stock of human capital held by individuals is hard to measure with precision in a quantitative form. Educational attainment is at best a proxy for the component of the human capital stock obtained at schools. In section IV, we relate our measure of educational attainment to alternative measures of human capital, such as international test scores, results from the international adult literacy survey, and estimates of labor-market outcomes. We also compare our numbers to the OECD's recent estimates of educational attainment.
II. The Estimation of Educational Attainment
This section summarizes the main procedure for constructing the estimates of human capital stock and discusses the modifications that have been made in the present update.
Estimation Method
The estimation procedure is a perpetual inventory method, using the census/survey observations on attainment as benchmark stocks and new school entrants as flows that are added to the stocks with an appropriate time lag.
The benchmark figures on school attainment have been collected, as before, from census/survey information, as compiled by UNESCO and other sources. The census/survey figures report the distribution of educational attainment in the population stratified by age and by sex in, for most cases, six categories: no formal education, incomplete primary, complete primary, first cycle of secondary, secondary cycle of secondary, and tertiary. The present data 3 The classification of levels of education is based on the common criterion for international comparison that was adopted in 1976 as the International Standard Classification of Education (ISCED, 1976) . Countries may not always classify diplomas and qualifications at the same ISCED levels, so the UNESCO classification may differ from the national classification.
set adds more census information for 1990 and 1995 and updates the estimates of educational attainment to 2000. This data set also includes new observations for the transitional economies that became independent in the 1990s. Tables 1 and 2 summarize the coverage of the census data for two groups of the total population-aged 15 and over and aged 25 and over. We fill in most of the missing observations on school attainment by using information on school-enrollment ratios and the structure of population by age groups. Following the perpetual inventory method, we construct current flows of adult population that are added to the benchmark stocks. The formulas for the various levels of schooling for the population aged 15
and over are as follows.
For the procedure applied to the population aged 25 and over, see Barro and Lee (1993, part II 
where H jt is the number of persons aged 15 and over for whom j is the highest level of schooling attained; j=0 for no school, 1 for primary, 2 for secondary, and 3 for higher. L15 denotes the number of persons aged 15-19 and L20 denotes the number of persons aged 20-24. The variables PRI, SEC, and HIGH are the enrollment ratios for primary, secondary, and higher schools, respectively. The enrollment ratios are the gross ratios adjusted for school repeaters, as we will explain in the next section. The assumption in equations (1)- (4) 
where L t is the total population aged 15 and over. The assumption in equations (1)-(4), which is not entirely accurate, is that the mortality rate is independent of the level of schooling attained.
Substitution from equation (5) into equations (1)-(4) yields the formulas that we use to fill in the cells for the attainment ratios, h jt = H jt /L t :
The application of equations (6)-(9) generates our panel data set on educational attainment for the population aged 15 and over from 1960 to 2000 at the four broad levels of schooling: no school, some primary, some secondary, and some higher. We then break down the three levels of schooling into incomplete and complete education by using estimates of completion ratios. 5 We use the same sources and methodology to construct a panel data set on the educational attainment of females over age 15 and over age 25 at five-year intervals from 1960 to 2000.
The data on the distribution of educational attainment among the population, combined with the information for each country on the duration of school at each level, generate the number of years of schooling achieved by the average person at the various levels and at all levels of schooling combined.
Modifications
The present estimates and projections improve on earlier data by making a few modifications in the fill-in procedure of missing observations and in the construction of average years of schooling.
Adjusted gross enrollment ratios for the fill-in procedure Our procedure for filling in missing observations requires school enrollment rates. In the first version of the data set (Barro and Lee, 1993) , we used the gross enrollment ratio, which is 5
The completion ratios for the age 25 and over population group are described in Barro and Lee (1993, Tables 4, 5 , and 7). The completion ratios for the age 15 and over group are reconstructed from those for the age 25 and over group. The adjustment is that secondary-school enrollees aged 15-20 are treated defined as the ratio of all persons enrolled at a given level of schooling to the population of the age group that national regulation or custom dictates should be enrolled at that level. For example, the total registered students in primary school are typically compared with the population aged 6-1l years. However, the gross ratios will overstate the accumulation of human capital when students repeat grades.
In the next revision (Barro and Lee, 1996) , we used the net enrollment ratio, which is defined as the ratio of students at a given level of schooling in the designated age group to the total population of that age group. For example, the registered students aged 6-11 years in primary school are compared with the total population aged 6-11 years. Accordingly, this concept does not count students in primary school who are younger than 6 or older than 11.
Net enrollment ratios also introduce measurement error if there are under-or over-aged children starting each level of education. If a proportion of the population enrolls at a given level at an age consistently earlier or later than that prescribed by regulation and consequently finishes school earlier or later, then net enrollment ratios understate the accumulation of schooling capital. Students who start school early or late constitute a significant fraction of total enrollments in many countries. For instance, for 12 Sub-Saharan African countries, a large fraction-between 10 and 33%--of enrollment in grade 1 of primary education is made up of students younger than the official entrance age. In 31 countries, at least 50% of the students enrolled in grade 1 of primary school are older than the prescribed entry age (Gajraj, 1992) .
Although the over-aged students enrolled in this grade are due in part to repetition, the incidence of a high proportion of over-aged students in countries where the proportion of repeaters is small demonstrates the importance of late entry.
as incompletely educated at the secondary level, and higher-school enrollees aged 20-24 are treated as incompletely educated at the higher level.
In response to this problem, we have revised our fill-in procedure to use 'adjusted gross enrollment ratios,' instead of the usual gross or net ratios, for primary and secondary schools.
(We use the gross ratios for tertiary schools.) We construct the new ratios by adjusting the gross enrollment ratios for repetition rates. 6 Changes in the duration of years of schooling
In the previous data set, we provided average years of schooling-at each level and at all levels of schooling combined-as an aggregate measure of the educational stock. To construct the average years of schooling, we used each country's typical duration of years of schooling at each level. For example, we assumed that the population who completed primary school obtained the country's full duration of primary schooling (Barro and Lee, 1993, p.387 ).
However, since our procedure used each country's duration data for 1965, we did not take account of changes over time in a country's typical duration of schooling at each level. This approach creates measurement error, because a significant number of countries have altered the durations of their school systems. Over the last three decades, 32 countries have changed at least once the typical duration of schooling at the primary or secondary levels (see UNESCO,
Statistical Yearbook, various years).
In the present revision, we take account of changes in the duration of schooling within countries. These changes would take time to become effective because the pupils who have received education in the new system will be new entrants into the adult population with a long time lag. We assume that changes in the duration of schooling at primary level apply to new entrants into the population over age 15 in 10 years and into the population over age 25 in 20 years, while the changes at secondary level become effective for the population over age 15 in 5 years and for the population over age 25 in 15 years,.
III. The Complete Data Set on Educational Attainment, 1960-2000
Appendix Tables A.1-A.2 contain the full data set on attainment at the seven levels of schooling for the overall population over age 25 and over age 15. Appendix Tables A .3-A.4 report the same estimates for the female population. The tables also report the average number of years of schooling achieved by the average person in each country. Table 3 shows that educational progress has continued in most regions except the transitional economies in the 1990s. For the 23 advanced countries, the average years of schooling for persons aged 25 and over increased from 9.3 years in 1990 to 9.8 years in 2000.
For the 73 developing countries, the average years of attainment grew by 23% from 4.0 years in 1990 to 4.9 years in 2000. In the 13 TEs, the average years of schooling remained at the same level of 10.0 years in the 1990s. Among the developing regions, Sub-Saharan Africa and Middle East/North Africa showed the strongest progress, growing by about 35% in the 1990s from 2.8 to 3.8 years and from 3.8 to 5.1 years, respectively.
Although the educational progress of the developing region as a whole has been relatively strong over the last decade, the education level in this region still lags far behind the advanced and TE regions. For the developing countries in 2000, 37% of the population aged 25 and over still had no formal schooling and only 27% had some secondary education. For the advanced and transition countries groups, in contrast, about two-thirds of the population over age 25 had at least some secondary schooling. Table 4 presents the time-series data on educational attainment by group for the population aged 15 and over. The regional patterns are similar to those for the population aged 25 and over. For most regions, the average years of schooling for the aged 15 and over population group are slightly higher than those for the aged 25 and over group. For the developing countries as a whole in 2000, the population aged 15 and over is projected to have an average school attainment of 5.1 years, compared to 4.9 years for the population aged 25 and over.
We have also constructed the data on educational attainment for the female population over age 25 and over age 15. Table 5 uses these results and compares the regional figures for females with those for males for the period from 1960 to 2000 by region. The table shows the "gender ratio," defined as the ratio of female to male attainment (expressed as a percentage). In all regions, there has been a substantial rise in gender equality over the last decade. In the developing countries as a whole, the ratio rose from 63% in 1990 to 70% in 2000 for the population aged 25 and over, and from 69% in 1990 to 73% in 2000 for the population aged 15 and over. During this period, the ratios rose notably in Middle East/North Africa (57% to 68% for the population over age 25) and South Asia (44% to 53% for the same age group). Note, however, that the gender gap in education is still large in these regions, compared to those in the advanced, TEs, and Latin American regions, where the ratios are typically well over 90%.
IV. Comparisons with Alternative Measures of the Human Capital Stock
Our estimates of educational attainment provide a reasonable proxy for the stock of schooling capital for a broad group of countries. However, these data have a number of shortcomings. First, the measure of educational attainment does not take account of the skills and experience gained by individuals after their formal education. Second, the measure does not directly measure the human skills obtained at schools and, specifically, does not take account of differences in the quality of schooling across countries. In this section, we compare our concept of educational attainment with alternative measures of the stock of human capital.
International Test Scores by Students
An alternative measure of educational stock, which is considered to reflect variations of educational quality across country, is scores on internationally comparable tests of educational achievement. Conceptually, the quality of education is reflected in the performance of students and graduates. One indicator of schooling quality is students' scores on internationally comparable tests. Hanushek and Kim (1995) constructed a cross-section data set of international test scores in the subjects of science and mathematics for 39 countries. Lee and Barro (1997) have compiled test scores on the examinations in science, mathematics, and reading that have been conducted in various years for up to 58 countries by the International Association for the Evaluation of Educational Achievement (IEA) and the International Assessment of Educational Progress (IAEP). These studies cover primary or secondary students of the same age or grade group, such as age 9, age 13, and pupils in the last year of secondary education. Since the tests are carefully designed to ensure international comparability, the test scores would capture the cross-country variations in cognitive skills of the students and thereby measure differences in the quality of the future labor force. Hanushek and Kim (1995) and Barro (2000) find that test scores are positively related to growth rates of real per capita GDP in cross-country regressions.
One shortcoming of these data, however, is that the observations apply to different years and are most abundant for the 1990s. The sample sizes are also much smaller than those for average years of schooling. Table 6 shows the average test scores on mathematics and science for the students at the 
International Adult Literacy Test
Although the test scores of students reflect the quality of schooling and, hence, indicate the quality of the labor force, they do not directly measure the educational capital held by a country's working-age population. Knowledge can be gained or lost after the completion of formal education. Ideally, tests of cognitive ability would be administered to adults, as well as to students. Recently, the International Adult Literacy Survey (IALS) has, for the first time, provided a direct comparison of certain work-related skills in the adult populations of various countries.
Although literacy was previously treated as a dichotomous concept-either literate or not-the OECD study considered the multifaceted nature of literacy and made efforts to measure directly the skills of the adult population.
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Literacy was measured in three domains-prose literacy, document literacy, and quantitative literacy. The literacy skills were evaluated in each country through detailed interviews with a sample of 2,000 and 8,000 persons in the working-age population. Results were reported on a scale from 0 to 500 in each of the three domains.
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The IALS study is still in early stages and covers only 12 OECD countries. Seven countries participated in the first Survey-Canada, Germany, the Netherlands, Poland, Sweden, Switzerland (French-speaking and German-speaking, separately), and the United States. Five additional countries participated later-Australia, Belgium (Flanders), Ireland, New Zealand, and the United Kingdom (see OECD and Statistics Canada, 1995, and OECD and Human Resources Development Canada, 1998). Table 6 shows the mean scores in each of the three domains for the 12 OECD countries.
Sweden was the best performer in all domains, while Poland was the worst in all domains. The scores among the three domains are highly correlated, with correlation coefficients over 0.93.
One surprising observation is the significant discrepancy in achievement between students and adults. Figure 1 depicts the TIMMS mathematics score and the IALS quantitative literacy score. The correlation between the two scores is only 0.07 in the common sample of 11 countries. In the scatter plot, however, Sweden seems to show an exceptionally large gap between the two test scores. The Swedish adults were the best performers in the quantitative literacy test, but the seventh-grade students showed very poor performance in the mathematics test in 1995.
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Studies based on the IALS data show that these measures of literacy have a significant relation with gross earnings of individuals within a country, independently from the effects of education (OECD and Human Resources Development Canada, 1998).
Estimates of the Market Value of Human Capital
Another approach to measuring the stock of human capital is to assess differences in labor-market outcomes, such as earnings or employment of educated workers, that are attributable to the individuals' schooling. Along this line, there have been attempts to measure the human capital stock in terms of its market value. A labor-income-based measure is derived by weighting different segments of the workforce by the ratio of earnings at different levels of education. Gollop and Jorgenson (1980) ; Jorgenson, Gollop, and Fraumeni (1987) ; and 10 The Swedish students at age 13 also showed below-average achievement in the Second International Mathematics Study that was conducted for 20 countries in 1982. In contrast, in the same test, the 12 th grade students did very well, with the average score only lower than that of Finland among the OECD countries. This fact suggests that students attain significant quantitative skills at the secondary level.
Mulligan and Sala-I-Martin (1995) used this method to estimate the human-capital stock of the United States. This measure, however, is not widely applicable to international comparisons due to the limited availability of detailed wage data for most countries.
A related issue is whether estimated rates of return, rather than durations of school, should be used as weights in the construction of aggregate human capital. Collins and Bosworth (1996) and Pritchett (1996) employed this method to construct measures of aggregate educational attainment. Since the estimated rates of return measure productivity of education at each level, this measure is conceptually better than average years of schooling. A measure of average years of schooling assumes unrealistically that a year of education adds a constant quantity of human capital, whether undertaken by a primary pupil or a college student. One problem with the measure aggregated by rates of return, however, is that the available estimates of returns to schooling are not always accurate. For instance, the estimates may over-state returns because of the likely positive correlation between schooling and unmeasured characteristics such as ability. The significant variations in the available estimates for an individual country show that the estimates of returns are very sensitive to assumptions about social benefits, forgone earnings of students, and so on.
OECD Estimates of Educational Attainment
The OECD has also compiled data on educational attainment of the population in the 1990s. Most data come from labor-force survey based on small samples of households or individuals, in contrast to the national censuses in the UNESCO database (see OECD, 1998b, pp.377-79) . For the years around 1995, the OECD data set covers 32 countries-24 OECD countries and 8 non-OECD countries.
This data set presents the percentages of the population or labor force aged between 25
and 64 for whom the highest completed level of education falls into four categories: below upper-secondary education, upper-secondary education, non-university tertiary education, and university-level education.
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One advantage of these estimates is that the population group covered corresponds closely to the labor force in the typical OECD country. However, the age group is less appropriate for developing countries, in which a substantial fraction of persons aged between 15 and 24 are in the workforce.
The OECD estimates of educational attainment correspond well to our numbers. Table 7 compares the two measures in terms of the percentage of the adult population aged 25 to 64 for the OECD and aged 25 and over in our measure by the level of schooling. We find the first OECD category-below upper secondary, would correspond roughly to the sum of our first three categories-no schooling, primary schooling, and partial secondary. In the common sample of 31 countries, the correlation between the two estimates is 0.78. The OECD estimates of the population attaining upper secondary or higher education are also highly correlated with our measure of average years of schooling. The correlation is 0.87.
Nonetheless, there are significant differences between the OECD and our data for some countries. For several countries, the OECD estimates show that the adult population had much higher attainment at upper-secondary and above than our estimates. For example, the OECD estimate shows about 84% of adult population in Germany attained education at the uppersecondary or tertiary level in 1995, while our estimate indicates the corresponding number is only 48%. The discrepancy derives, in many cases, from the different classification between the OECD and the UNESCO sources. There is disagreement between international organizations 11 The OECD publication also provides estimates for educational attainment of the population by sex and by disaggregated age groups, 25-34, 35-44, 45-54, and 55-64. about the allocation of different education and training to the categories of the international standard classification (Steedman, 1999) . Although the ISCED provides guidance on which qualifications and stages of education should be assigned to the ISCED categories, the ISCED classifications do not fully reflect the heterogeneity of education system, in particular of vocational and non-academic educational training, across countries. In addition, when conflicting interpretations are possible, national governments can divide or reallocate qualification categories for the political considerations. Steedman (2000) points out that the UK chooses a definition of the ISCED levels which gives the impression that the education system produces a large supply of skills. Another source of the discrepancy is that our data refer to the population aged 25 and above, but the OECD data are for the population of age between 25 and 64. Since the population aged 65 and above have in general lower attainment than the younger population group, this difference would tend to make the OECD figures on upper secondary or tertiary attainment higher than our corresponding numbers. Further investigations on the exact relationship between our estimates and the OECD data on educational attainment are still in progress.
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V. Conclusion
This paper presents a data set on educational attainment for the population over age 15 and over age 25 at five-year intervals between 1960 and 2000 for a broad number of countries.
The data provide the distribution of educational attainment of the population at seven levels of schooling and show a breakdown by sex.
This improved data set on educational attainment will continue to contribute to empirical research in many areas. Our data have been widely used to investigate the effects on economic growth of educational attainment, measured by overall years of schooling as well as by the composition of attainment at various levels of education. The data set has also been useful for studying the linkages across countries between education and other important economic and social variables, such as export competitiveness, fertility, income inequality, and political freedom.
There has been considerably more work in improving international measures of human capital. International test scores of students at the primary and secondary levels provide useful information on the quality of education. The International Adult Literacy Survey is a very promising attempt to measure directly the skills of the workforce for international comparison.
However, these measures are at present restricted by the limited sample, which consists mostly of OECD countries. For future use, international efforts to extend the coverage of the IALS to more developing countries will be important. This extension would make it possible to assess the interactions between the quantity and quality of education for a broad panel of countries. It would also be possible to study further the effects of human capital on economic performance and to see how these effects interact with the level of economic development.
attainment. The OECD sources are available only for the 1990s. Hence, if we mix them with the earlier UNESCO census data, it can cause inconsistency over time in an individual country's data.
Table 1 Breakdown of Number of Countries By Number of Census-Survey Observations
Number of Observations
Number of Countries (1950 Countries ( -1995 
Note: The data refer to census-survey observations for educational attainment for the total and female populations in each age category. Note: The data refer to census-survey observations for educational attainment for the total and female populations in each age category. 
